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INTELLIGENT TUTORING SYSTEMS, PEDAGOGICAL AGENT DESIGN, HISPANIC 
AND ENGLISH LANGUAGE LEARNERS 
MAY 2020 
DANIELLE A. ALLESSIO, B.A., UNIVERSITY OF MASSACHUSETTS AMHERST 
M.A., UNIVERSITY OF MASSACHUSETTS AMHERST
                                  Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
                                       Directed by: Professor Florence R. Sullivan According	to	the	most	recent	data	from	the	National	Center	of	Education	Statistics	(NCES)	there	were	approximately	5	million	English	Language	Learners	(ELLs)	in	the	U.S.	public	schools	in	the	Fall	of	2016,	representing	about	10%	of	the	student	population	(2019).	Spanish	is	the	primary	language	for	most	ELL	students,	by	a	large	margin.	As	a	group,	ELLs	have	faced	a	deeply	rooted	and	persistent	math	achievement	gap	(U.S.	Department	of	Education,	2015).	Despite	research	indicating	that	intelligent	tutors	and	animated	pedagogical	agents	enhance	learning,	many	tutors	are	not	designed	with	ELLs	in	mind.	As	a	result,	Hispanic	ELL	students	may	experience	difficulty	accessing	the	relevant	content	when	using	a	tutor.	This	mixed-method	research	investigates	how	a	tutor	can	reach	Hispanic	ELL	students,	based	on	the	social	and	cultural	Identity	framework	of	the	Figured	Worlds	Theory	by	Holland	et	al.,	(1998).		Students	will	socially	and	culturally	engage	with	their	animated	pedagogical	agents	constructing	figured	worlds	of	learning	and	connection	that	have	the	power	to	shape	the	students’	senses	of	themselves	as	learners	of	math.	
vi	
This study investigates how Hispanic ELL students perceive the utility of and 
relate to a learning companion (LC) design. Data was examined from 76 middle 
school students interacting with a math tutor, MathSpring. The findings indicate 
that ELL students find the MathSpring LC more useful and helpful than do non-
ELL students and the ELL students designed LCs that looked more like themselves 
than did the non-ELL students. The findings also indicate that students formed 




























































































































































































































































































































































































































































































































%	 Open	code	 Properties	 Examples	of	participants’	words	28	 She/Me	Connection	 If	the	student	uses	he/she/me/us	comments	to	refer	to	LC.	
”	Jane	was	helpful	because	she	encouraged	me	to	do	better	and	to	help	me	learn	better	she	also	read	the	question	for	me.”		14	 Positive	Reinforcement	 If	a	student	says	that	the	LC	provided	encouragement,	motivation	or	comfort.	
“She	encouraged	me	to	keep	trying	the	math.”,	“I	thought	that	Jane	was	helpful	because	she	will	either	say	''Great	job''	and	others	to	say	too	you	because	when	you	get	the	problems	right	she	will	say	those.	And	if	you	get	the	problems	wrong	she	will	just	say	''its	ok	you	can	do	better''	or	''at	least	you	tried''.	14	 Better	Understanding	 If	a	student	says	that	the	LC	provided	support	and	guided	learning	(scaffolding).	
“I	thought	Jane	was	very	helpful	because	she	made	me	understand	things	about	the	question	that	helped	me	a	lot.”,	“She	was	helpful	due	to	me	not	knowing	a	decimal	problem	she	gave	me	an	example”	9	 Better	Performance	 If	a	student	says	that	the	LC	helped	improve	math	performance.	 “He	helped	me	get	better	grades	than	i	usually	get”,	“he	helped	me	learn	new	things	and	got	me	better	grades”	8	 Feature	of	the	System	 If	the	student	says	LC	guided	them	to	use	system	features.		 “She	helped	me	learn	that	there	was	hints	videos	and	other	things.”,	”she	gave	hints	if	you	were	struggling”,	“She	was	help	full	because	so	showed	you	examples	of	your	problem.	That	helped	do	your	problem.”	6	 Feature	of	the	Learning	Companion	 If	a	student	attributes	the	LC	features	to	usefulness.	 “Jane	was	helpful	because	she	read.”,”	Jane	was	helpful	because	she	encouraged	me	to	do	better	and	to	help	me	learn	better	she	also	read	the	question	for	me.”,	“I	thought	she	was	helpful	because	she	is	smart.”	5	 Feeling	 If	the	student	contributes	an	affect	state	to	interacting	with	LC.	
“I	thought	Jane	was	helpful	because	when	Jane	said	good	job	it	makes	me	feel	good	that	I	did	it.”,	“She	made	feel	confedent.“,	“She	made	me	fell	that	I'm	not	alone	learning,	and	she	mad	me	fell	confident.”,	“She	made	me	feel	like	I	can	keep	on	going	and	I	won't	get	anything	wrong	because	she	said	that	I	was	excellent	and	I	was	very	good	at	math.”	5	 General	Positive	Experience	 If	a	student	says	anything	suggesting	 “she	was	very	helpful	because	she	is	a	good	helper”’,		
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that	they	LC	was	generally	helpful.	4	 Not	Helpful	 If	the	student	says	the	LC	is	not	helpful.	 “I	didn't	really	use	her	that	much	so	she	was	not	helpful.”,	“I	did	not	think	she	was	helpful.”	3	 Indifferent	 If	the	student	is	indifferent	about	LC.	 “because	she	kind	of	helps.”,	“I	can't	really	explain	but	she	was	helpful”	3	 Misc	 Miscellaneous	utterances	 		 Additionally,	for	Q2-’Describe	your	Learning	Companion.’	a	final	coding	scheme	of	the	following	categories	was	derived	by	R1–R5	from	the	themes	that	emerged	and	are	displayed	in	Table	7.		The	codes	are:	‘Physical	Features’,	‘Gender’,	‘Evaluation’	‘Personality’,	‘Like	Me’,	‘Familiar’,	‘Imaginative/Creative’	and	‘Miscellaneous’,	see	Table	7.	Then,	the	Q2	the	coding	scheme	was	implemented	by	R1	and	R2	and	substantial	inter-rater	reliability	agreement	was	found	between	R1	and	R2	on	the	first	20	utterances	of	Q1,	κ	=	.685.		In	addition,	substantial	inter-rater	reliability	agreement	was	determined	between	R1	and	R2	on	the	full	set	of	utterances	of	Q2,	κ	=	.728.			The	percentage	and	the	order	of	most	frequent	occurrence	of	the	final	Q2	codes	as	implemented	by	R1	and	R2	are	displayed	in	Table	7.	
Table	7:	Summary	of	Q2	-Description	of	LC	Open	Coding	Categories	
%	 Open	code	 Properties	 Examples	of	participants’	words	29	 Physical	Features	 If	a	student	describes	their	LC	design	in	terms	of	physical	features.	 “My	learning	companion	has	medium	skin.	It	has	dark	hair,	and	it's	medium	in	length.	Also	it	wears	a	dark	colored	hoodie.	It	has	brown	eyes	and	a	small	smile.”	
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21	 Gender		 If	a	student	mentions	the	gender	of	their	character	design.	 “My	learning	companion	is	a	girl	because	i'm	a	girl	and	it's	what	i	wanted”,	“his	name	is	jake	he	a	transgender	because	he	is	a	she	and	shes	a	strong	tuff	girl/boy.”,	“My	learning	companion	does	not	look	exactly	like	a	'male'	or	'female',	and	seems	to	be	somewhere	between	feminine	and	masculine.	They	have	turquoise	colored	hair,	feminine	eyes,	a	square	jawline,	and	is	wearing	a	sort	of	polo	shirt	with	an	undershirt	between	it,	to	seem	more	gender	neutral.”,	“My	learning	companion	is	literally	a	genderbend	me.“She	is	a	girl.	I	made	her	just	out	of	my	mind.	She	is	white	with	wavy	golden-brown	hair,	violet	eyes,	short	eyelashes	and	a	white	hoodie.”	15	 Evaluation	 If	a	student	attributes	an	evaluation	to	their	LC	design.	 Fun,	easy,	good,	helpful,	cool		13	 Personality		 If	a	student	says	that	their	LC	design	includes	personality	traits,	i.e.,	helpful,	encouraging,	supportive	or	comforting.	







4	 Misc	 Miscellaneous	utterances	 		 Finally,	for	Q3-’Why	did	you	design	your	Learning	Companion	the	way	
you	did?’	a	coding	scheme	of	the	following	categories	was	derived	from	the	themes	that	emerged	and	are	presented	in	Table	8	in	the	order	of	most	frequent	occurrence.		The	codes	are	‘Like	Me’,	‘Gender’,	‘Positive	Reinforcement’,	‘Better	Understanding’,	‘Attractive’,	‘Cool’,	‘Smart’,	‘Familiar’,	‘Diversity’,	‘Creative’	and	‘Miscellaneous’,	see	Table	8.	Then,	the	Q3	the	coding	scheme	was	implemented	by	R1	and	R2	and	there	was	near	perfect	inter-rater	reliability	agreement	between	R1	and	R2	on	the	first	20	utterances	of	Q1,	κ	=	.881	then	there	was	also	a	substantial	inter-rater	reliability	agreement	between	R1	and	R2	on	the	full	set	of	utterances	of	Q1,	κ	=	.763.		The	percentage	and	the	order	of	most	frequent	occurrence	of	the	final	Q3	codes	as	implemented	by	R1	and	R2	are	displayed	in	Table	8.	
Table	8:	Summary	Q3	-	Reasons	for	LC	Designs:	Open	Coding	Categories	




























Open	Codes	 Axial	Codes	 Selective	Codes	She/Me	Connection;	Feeling	 Connection		 Social	Engagement	Positive	Reinforcement;	Better	Understanding;	Better	Performance	 Learning	Process	 Knowledge/Achievement	Feature	of	System;	Feature	of	LC	 Teaching	Features	General;	Miscellaneous;	Indifferent	 N/A	 N/A	Not	 N/A		 For	Q2	–	‘Describe	your	Learning	Companion’,	the	most	predominant	open	codes	were:	‘Physical	Features’,	‘Gender’,	‘Evaluation’,	‘Personality’,	‘Like	Me’,	‘Miscellaneous’,	‘Familiar’	and	finally	‘Creative/Imaginative’.		The	process	of	axial	coding	includes	relating	the	codes	to	each	other	and	finding	what	the	different	open	codes	have	in	common.		The	‘Physical	Features’,	‘Gender’	and	‘Creative/Imaginative’	codes	were	grouped	together	because	the	utterances	are	related	to	the	‘Appearance’	concept	as	shown	in	Table	10.		Also,	the	‘Evaluation’	and	‘Personality’	codes	were	coupled	together	because	they	are	connected	to	the	‘Behavior’	notion	and	the	‘Like	Me’	and	the	‘Familiar’	codes	were	connected	together	because	they	are	associated	to	the	‘Similar’	concept,	see	Table	10.	
Table	10:	Description	of	Companions	-	Axial	and	Selective	Codes	Based	on	the	Open	Codes	‘Describe	your	Learning	Companion:’	 	
Open	Codes	 Axial	Codes	 Selective	Codes	Physical	Features;	Gender;	Creative/Imaginative	 Appearance	 Appealing	
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Evaluation;	Personality	 Conduct/Behavior	Like	Me;	Familiar	 Similar	 Recognizable	Miscellaneous	 N/A	 N/A		 Finally,	for	Q3-’Why	did	you	design	your	Learning	Companion	the	way	you	did?’	the	most	predominant	open	codes	were:	‘Like	Me’,	‘Gender’,	‘Creative’,	‘Cool’,	‘Familiar’,	‘Attractive’,	‘Diversity’,	‘Positive	Reinforcement’,	‘Better	Understanding’	and	‘Smart’.	During	axial	coding,	the	process	of	relating	the	codes	to	each	other	and	finding	what	the	different	open	codes	have	in	common.		The	‘Like	Me’,	‘Familiar’,	‘Gender’	and	‘Diversity’	codes	were	grouped	together	because	the	utterances	are	related	to	the	‘Familiar/Culture’	concept	as	displayed	in	Table	11.	Also,	the	‘Creative,	‘Cool’	and	‘Attractive’	codes	were	grouped	together	because	the	utterances	are	related	to	the	‘Personality’	notion.	Finally,	the	‘Positive	Reinforcement’	‘Better	Understanding’	and	’Smart’	codes	were	grouped	together	because	the	utterances	are	related	to	the	‘Scaffolding/Social	Engagement’	notion,	see	Table	11.	
Table	11:	Reason	for	Companion	Design	-	Axial	&	Selective	Codes	Based	on	the	Open	Codes	‘Why	did	you	design	your	Learning	Companion	the	way	you	did?’	 	
























Clothes	 20	shirt	color	options,	no	color	wheel		 18	shirt	shape	options		 	Backgrounds	 20	background	colors	options	plus	color	wheel	too	pick	your	own	















Items	 Factor	1	‘JaneHelpful’	 Factor	2	‘AvatarLooksLikeMe’	 Communality	janeHelpedMe	 .839	 -.436	 .893	janeHelpful	 .762	 -.542	 .833	janeNotUseful_reverse	 .746	 -.525	 .874	avatarNotLookLikeMe_reverse	 .699	 .582	 .875	avatarHasMyCharacteristics	 .665	 .490	 .827	avatarLooksLikeMe	 .661	 .662	 .682	Eigenvalue	 	 	 3.208	 	 	 1.776	%	of	Total	Variance:	 	 53.462		 	 29.607	Total	Variance:		 	 	 	 	 83.069%		Finally,	standard	deviations	and	means	were	also	determined	for	each	subscale	for	all	students,	Hispanic,	Caucasian,	ELL	and	Non-ELL	students	and	reported	in	Table	14.	Additionally,	the	item	statistics	of	the	scale	had	a	mean	of	3.35	and	the	minimum	was	2.96	while	the	maximum	was	3.59	with	a	range	of	.632	and	
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variance	of	.072.		The	Likert	items	that	mapped	to	each	subscale,	as	confirmed	by	factor	analysis,	are	listed	below	and	featured	in	Table	14.			C1	-	‘JaneHelpful’	subscale,	’Did	the	MathSpring	Learning	Companion	help	you	learn?	How?’:	1. I	liked	using	the	Learning	Companion,	Jane,	in	MathSpring	because	she	helped	me	understand.			2. Jane	was	not	that	useful	to	me,	so	I	did	not	use	her.			3. I	think	Jane	was	a	very	helpful	part	of	MathSpring.				C2	-	‘AvatarLooksLikeMe’	subscale,	‘How	did	you	design	your	Learning	Companion?	Why?’:		5. The	Learning	Companion/Avatar	that	I	created	looks	a	lot	like	me.			6. The	Learning	Companion	that	I	designed	looks	nothing	like	me.		7. The	Learning	Companion	that	I	created	has	a	lot	of	my	characteristics.	
Table	14:	Item	Means	and	Standard	Deviations		 Factor	
Subscales	
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